INTRODUCTION
============

Cushing\'s disease (CD) is associated with increased risks of cardiovascular, metabolic, and respiratory disorders, psychiatric complications, osteoporosis, and infections, which all lead to increased rates of morbidity and mortality \[[@B1]\]. These issues originate from underlying hypercortisolism, which results in the manifestation of the cardinal signs of CD prior to the detection of pituitary problems. Because the complications associated with hypercortisolism may be followed by long-lasting morbidity even after successful treatment, the early detection and treatment of CD are not only important but mandatory.

A precise differential diagnosis of CD from Cushing\'s syndrome (CS) or from ectopic adrenocorticotropic hormone (ACTH)-secreting tumors is somewhat problematic due to common symptoms and signs \[[@B2]\]. Until recently, inferior petrosal sinus sampling (IPSS) with corticotropin-releasing hormone (CRH) was performed to stimulate ACTH secretion and allow for the discrimination between CD and ectopic ACTH-secreting tumors \[[@B3],[@B4],[@B5],[@B6],[@B7],[@B8],[@B9]\]; however, IPSS is currently performed using desmopressin \[[@B10],[@B11]\], because of its stable supply and lower cost. Additionally, an 8-mg overnight dexamethasone suppression test (DMST) is now employed rather than the classic 5-day DMST, because the latter requires an inconveniently long testing period \[[@B12],[@B13],[@B14],[@B15]\].

The surgical resection of a pituitary adenoma is first-line therapy for CD \[[@B16],[@B17],[@B18],[@B19],[@B20]\], while pharmacotherapy is a second-line strategy used to control recurrent or sustained CD \[[@B21]\]. Al-though ketoconazole, which suppresses cortisol synthesis at the level of the adrenal gland, is a convenient and effective drug used to control hypercortisolism, it was withdrawn from the market due to concerns of hepatotoxicity \[[@B22]\]. Thus, currently, there are few drugs available that can effectively control hyper-cortisolism with high efficacy and few side effects after sur-gery. More recently, a novel somatostatin analog called pasire-otide has shown significant efficacy in reducing cortisol pro-duction via inhibition of ACTH secretion in patients with CD \[[@B23]\]. Fortunately for CD patients, pasireotide will become available in Korea in the near future. Thus, several Korean experts in this field have reviewed the optimal strategies for diagnosis and management of CD, and the recommendations are compiled in the present set of guidelines.

CLINICAL FEATURES
=================

CD is a serious condition associated with high rates of morbidity and mortality that result from excessive levels of systemic glucocorticoids \[[@B1]\]. The classic features of CD include central obesity, moon face, hirsutism, and facial plethora, but the clinical manifestations of CD vary from patient to patient and are common among other conditions, such as simple obesity and pseudo-CS \[[@B2]\]. Prolonged and inappropriately high glucocorticoid levels are associated with systemic abnormalities in metabolic (central obesity, weight gain, hyperglycemia, dyslipidemia, hypokalemia), hormonal (menstrual irregularity or amenorrhea, delayed puberty), musculoskeletal (proximal muscle wasting and weakness, osteoporosis), cardiovascular (hypertension, venous thromboembolism), dermatological (easy bruising, facial plethora, purple striae), neuropsychological (insomnia, depression, irritability), cognitive, and immunological (increased frequency of infections) functions \[[@B24]\]. Of these various clinical symptoms, the most discriminating signs and symptoms are easy bruising, facial plethora, proximal myopathy, and purple striae \[[@B25]\].

SCREENING TESTS
===============

Diagnostic tests for CS aim to identify excessive secretion of cortisol, loss of diurnal variation, and decreased function of the negative feedback mechanism involved in the pituitary-adrenal axis. Screening tests for CD primarily focus on identifying loss of diurnal variation and the presence of excessive cortisol secretion, while a diagnosis of CD is made via confirmatory testing or localization of the lesion. It is recommended that screening and diagnostic tests for CS should be performed under controlled conditions to avoid stressful or pathological situations that could create unspecific activation of the pituitary-adrenal axis. Additionally, the possibility of iatrogenic CS must be excluded by confirming the patient\'s past history of steroid drug use.

Testing for diurnal variation in ACTH and cortisol levels
---------------------------------------------------------

Cortisol is secreted by the adrenal gland in a pulsatile manner in accordance with the pulsating secretion of ACTH. The secretion of cortisol displays diurnal variations, with the maximum levels (6.5 to 25.4 µg/dL \[range, 180 to 700 nmol/L\]) in early morning and minimum level (\<3.6 µg/dL \[100 nmol/L\]) at midnight. Because the diurnal variations characteristic of normal persons are absent in patients with CD, testing by random collection of blood is not recommended \[[@B26]\]. Additionally, it is recommended that diurnal cortisol levels be checked more than twice.

24-Hour urine-free cortisol test
--------------------------------

The 24-hour urine free cortisol (UFC) test is a highly sensitive method of testing \[[@B2],[@B27]\]. If the 24-hour UFC level exceeds a normal range, it is defined as a positive finding. The normal ranges are as follows: \>90 µg/dL per 24 hours as measured by a radioimmunoassay or \>50 µg/dL per 24 hours as measured by denaturing high-performance liquid chromatography/immunochemiluminometric assay. The 24-hour urine creatinine levels and urine volume should also be checked to assess the adequacy of urine collection \[[@B28],[@B29]\].

It is recommended that this test be performed at least 2 to 3 times to minimize diagnostic errors, and further interpretation of the results may also be necessary in some situations. For example, if the glomerular filtration rate of the patient is \<60 mL/min, then the amount of free cortisol in the urine may be reduced. Additionally, excessive amounts of cortisol can saturate the circulating cortisol-binding globulin (CBG) moieties and result in detectable increases in free-filtered cortisol in the urine. When conducted on hospitalized patients, the sensitivity and specificity of the 24-hour UFC test are better than those of the 1-mg overnight DMST test \[[@B27]\].

Late night salivary cortisol and serum cortisol tests
-----------------------------------------------------

Under physiological conditions, serum cortisol concentrations reach a nadir at midnight or late at night. Salivary cortisol levels display a very high correlation with serum cortisol levels, which makes this measure a convenient method for the measurement of cortisol concentrations without inflicting stress on outpatients. For these tests, saliva should be collected during sleep or between the hours of 23:00 and 24:00, and it is recommended that the levels of salivary cortisol be checked more than twice. If the concentration of salivary cortisol at room temperature exceeds the cutoff value of 0.13 µg/dL (3.6 nmol/L) \[[@B30],[@B31]\], it is defined as a positive finding. Both the sensitivity and specificity of this test are approximately 95% \[[@B26]\]. A \"sleeping\" midnight serum cortisol level of \<1.8 µg/dL (50 nmol/L) effectively excludes a diagnosis of CS, while an \"awake\" midnight serum cortisol level of \>7.5 µg/dL (207 nmol/L) is highly suggestive of CS \[[@B2],[@B30]\]. However, the late night salivary cortisol test is not typically available in Korea.

Overnight DMST
--------------

The overnight DMST is the most widely used screening test for CS and CD \[[@B31],[@B32]\]. In this test, 1 mg dexamethasone is administered orally between the hours of 23:00 and 24:00, and blood is collected between the hours of 08:00 and 09:00 on the following day to measure serum cortisol levels. If the serum cortisol concentration is \>1.8 µg/dL (50 nmol/L), it is defined as a positive finding. In the case of obese patients and some patients suffering from depression and/or alcohol withdrawal syndrome, further attention is needed, because cortisol is not being suppressed in these situations.

Desmopressin stimulation test
-----------------------------

The desmopressin stimulation test \[[@B33],[@B34]\] depends upon the increase in ACTH release that occurs in 85% of patients with CD following intravenous injection of desmopressin. In this test, patients are intravenously administered 4 µg desmopressin, and blood is collected over a period of up to 2 hours at 30-minute intervals. If the serum ACTH level increases by \>50%, the finding is defined as positive. This test is useful for determining ACTH levels following surgery for CD, rather than for the discrimination of CD, because the V3 receptor that binds desmopressin is found in 30% of tumors outside the pituitary gland that secrete ACTH.

CONFIRMATORY TESTS
==================

Four tests may be used for the differential diagnosis of CD.

Sella magnetic resonance imaging
--------------------------------

The sella magnetic resonance imaging (MRI) is an essential radiological tool for the diagnosis of CD necessary to assess the anatomical structure of the pituitary gland prior to surgery and to confirm whether pituitary adenomas are present. Compared with IPSS or a positron emission tomography scan, a sella MRI scan has the highest level of accuracy for tumor localization, with a positive predictive value of 86% \[[@B35]\]. In studies involving Korean patients with CD, concordant results between MRI scans and intraoperative surgical biopsies were observed in 77.8% of cases \[[@B36]\].

However, CD is frequently caused by adenomas that are too small to be detected by classic MRI scans. For example, more than 18% of patients with CD have microadenomas that are not visible on MRI scans \[[@B37]\]. Because the contrast enhancement of pituitary adenomas can be gradual or rapid after contrast administration, the use of dynamic contrast-enhanced MRI scans are recommended rather than classic MRI scans, which are obtaining only T1- and T2-weighted images before and after contrast administration. For cases in which the tumor is located in the far anterior aspect or far posterior aspect of the pituitary gland, the use of dynamic gadolinium-enhanced imaging with simultaneous acquisition of coronal and sagittal planes is helpful for the localization of a pituitary adenoma \[[@B38]\]. If pituitary adenomas are not detected using the aforementioned MRI procedures, half-dose contrast MRI scans or spoiled gradient recalled (SPGR) acquisition associated with the steady-state technique could be helpful. When MRI is executed using a lower injection dose of the contrast medium (0.05 mmol/kg gadolinium, for example), it becomes easier to distinguish microadenoma from normal pituitary tissue. \[[@B39]\]. Additionally, the use of SPGR MRI images with 1-mm sections facilitates detection of microadenomas, compared with spin echo MRI scans \[[@B40],[@B41]\].

CRH stimulation test
--------------------

In the majority of CD patients, secretion of ACTH is promoted by CRH and desmopressin \[[@B3],[@B4],[@B5],[@B6],[@B7],[@B8],[@B9]\]. The CRH stimulation test can be used to confirm the responses of serum ACTH and cortisol levels after intravenous injection of 100 µg CRH in the morning after fasting; however, a definitive cutoff value for this test to distinguish between CD and ectopic ACTH secretion (EAS) has yet to be established. Moreover, the responses of serum ACTH and cortisol are different between ovine and human CRH \[[@B9]\]. Nevertheless, increases in the serum ACTH and cortisol levels \>50% within 30 minutes of CRH administration could suggest the presence of CD \[[@B9]\]. In Korea, the CRH stimulation test is not usually employed due to its high cost; typically, desmopressin is used to stimulate the secretion of ACTH. However, the cutoff values for the desmopressin stimulation tests that can provide an accurate differential diagnosis have yet to be determined.

IPSS using desmopressin or CRH
------------------------------

IPSS is the most important test for the differentiation of CD from EAS in patients diagnosed with CS \[[@B42],[@B43]\]. According to a study that assessed Korean patients with CD using IPSS, 100% of patients tested positively for CD \[[@B36]\]. IPSS is a method that compares ACTH levels by collecting blood from peripheral vessels and both sides of the inferior petrosal sinus (IPS) after promotion of ACTH secretion via either desmopressin or CRH administration; the interpretation of the findings does not differ with regard to the stimulator used \[[@B10]\]. When desmopressin is used as the stimulator, the optimal injection dose is 10 µg \[[@B11]\] and is administered intravenously over a period of 15 seconds \[[@B10]\]. When CRH is used as the stimulator, the optimal intravenous injection dose is 100 µg \[[@B44]\].

Sampling should be executed from the bilateral IPS and peripheral vessels prior to and several times within the 10-minutes period following administration of the ACTH stimulator. CD is suggested by IPS/peripheral (IPS/P) ACTH ratios \>2 prior to administration of the stimulator or by ratios \>3 following administration of the stimulator. An ACTH ratio from both sides of the petrosal sinus of \>1.4 following administration of the stimulator may imply lateralization of the ACTH-secreting tumors in the pituitary gland \[[@B45]\]. However, the primary purpose of IPSS is to distinguish between CD and EAS, because the presence of lateralization during this procedure is concordant with intraoperative biopsies in only 38.9% of Korean patients with CD \[[@B36]\]. Additionally, it is possible to obtain false negative results due to venous anomalies of the petrosal sinus or to the inexperience of the personnel performing the procedure. In such cases, it is possible to confirm whether or not the catheterization was successful by using prolactin values \[[@B46]\]; IPSS results that show an increase in prolactin levels \>1.8-fold relative to the peripheral prolactin value indicate successful catheterization. A normalized ratio \>1.3 (\[dominant peak post-stimulation IPS/P ACTH\]/\[ipsilateral basal IPS/P prolactin\]) implies the presence of CD, while a value \<0.8 implies EAS \[[@B47]\].

8-mg overnight DMST
-------------------

An 8-mg overnight DMST is very useful for the differential diagnosis of CD from EAS. Relative to the traditional high-dose DMST method, which requires the administration of dexamethasone over a 2-day period, the 8-mg overnight DMST is widely used due to its convenient drug administration and lack of requirement of a 24-hour urine test. Additionally, the overnight DMST has a sensitivity of 95%, which was reported to be superior to that of the traditional high-dose DMST test \[[@B12],[@B13]\]. In the overnight DMST, an 8-mg dose of dexamethasone is administered between 23:00 and 24:00, and the blood cortisol level is measured at 8:00 on the following day. CD is inferred when serum cortisol levels are decreased by \>50% from basal levels or if the serum cortisol level is \<5 µg/dL \[[@B12],[@B13],[@B14],[@B15]\].

TREATMENT
=========

The treatment for CD aims to ameliorate any associated clinical conditions, improve any accompanying disorders through normalization of biochemical indices related to hypercortisolism, and minimize the recurrence rate. Treatments can be categorized as surgical therapy, medical management, and radiotherapy.

Surgical therapy
----------------

The transsphenoidal approach (TSA) is the primary treatment recommended for patients with CD, because it is associated with a complete remission rate of 65 to 90% for microadenomas, although the rate of remission for macroadenomas is lower than 65% \[[@B16]\]. While transsphenoidal microsurgery is the most frequently employed surgical method for CD patients, endoscopic surgery has also been implemented fairly widely in recent years. A head-to-head comparison of the prognoses for these two surgical methods has yet to be conducted, but no major differences in their surgical outcomes have been reported \[[@B17]\]. A total or partial hypophysectomy can be performed if the microadenomas are not easily visible, but this procedure has a relatively low remission rate (70%) as well as high frequencies of hypopituitarism and surgical complications \[[@B18]\].

The recurrence rate of microadenomas after TSA is 5 to 10% after 5 years and 10 to 20% after 10 years. Patients younger than 25 years were reported to experience recurrence more frequently \[[@B18],[@B19]\]. Compared with microadenomas, macroadenomas have a higher recurrence rate (12 to 45%) and an earlier recurrence point (49 months vs. 16 months, respectively) \[[@B20]\]. However, there are a number of favorable prognostic factors related to surgery, including the fact that microadenomas are detectable on an MRI, the non-invasion of the dura mater or cavernous sinus, the confirmation of ACTH-secreting adenomas in pathological tissue, low serum cortisol levels after surgery, and a prolonged period of hypocortisolism \[[@B16]\].

A majority of CD patients require supplementary glucocorticoid therapy (optimal dose; 12 to 15 mg/m^2^) following surgery to correct hypocortisolism. Although the dosage can be increased if the hypocortisolism is severe, it should be reduced during the first month following surgery to a supplementary dose if possible. This supplementary glucocorticoid administration can be terminated if the morning serum cortisol level or stimulated serum cortisol is \>18 µg/dL \[[@B16]\].

Pharmacotherapy
---------------

### Centrally acting drugs (tumor-directed therapy)

Pasireotide (SOM230, Signifo, Abingdon, UK) suppresses the secretion of ACTH due to its affinity for somatostatin receptor subtype 5, which primarily manifests itself in cortisol-secreting adenomas. Pasireotide is over 40-fold more effective than octreotide \[[@B48]\]. After taking pasireotide, 15 to 26% of CD patients showed normalization of urine cortisol, 50 to 76% of the patients displayed a significant reduction in urine cortisol, and there was a reduction in adenoma size 12 months after the initiation of treatment \[[@B23]\]. Additionally, this study observed that when treatment was continued for 2 years, cortisol levels were reduced even further and were accompanied by improved clinical symptoms. The most typical side effect of pasireotide is hyperglycemia, which is manifested by drug-induced suppression of insulin and incretin secretion \[[@B23]\]. Pasireotide was recently approved for administration in Europe in the event of CD recurrence following surgery or if a surgical procedure cannot be used to treat CD.

Cabergoline is an agonist of dopamine D2 receptors, which are found in more than 70% of cortisol-secreting adenomas \[[@B49]\]. In a study on the long-term administration of cabergoline (more than 2 years at a maximum dose of 3.5 mg/week), hypercortisolism was normalized in 25 to 37% of patients, but the escape phenomenon was observed after several years of continuous administration \[[@B50]\].

Temozolomide is a methyl-triazenoimidazole-carboxamide derivative, and its effect as a DNA alkylating agent is dependent on its activation of the enzyme O6-methylguanine-DNA methyltransferase. Temozolomide is thought to be potentially effective against invasive CD based on the results of a study showing a reduction in the Ki-67 index due to softening and accelerated differentiation of adenomas \[[@B51]\]. However, the use of this drug is not yet approved in Korea.

### Adrenal steroidogenesis blockers

Mitotane (o,p\'-DDD) suppresses the synthesis of cortisol in the adrenal gland via decreases in the mitochondrial side-chain cleavage enzyme (CYP11A1), 11β-hydroxylation (CYP11B1), and 18-hydroxylation (CYP11B2), as well as a reduction in bioavailable steroids via promoted steroid metabolism \[[@B52]\]. Although remission rates of approximately 72 to 83% were observed with gradual effects within 2 to 3 months of treatment in patients with CD, only 30% of these patients remained in remission for up to 3 years after the cessation of mitotane treatment \[[@B53]\]. During mitotane administration, it is meaningless to measure total serum cortisol levels, because CBG levels are increased by its administration, and additionally, supplementary steroid therapy may be necessary due to the development of hypocortisolism \[[@B53]\]. Mitotane can be administered to women of childbearing age, because it can reverse hypogonadism and infertility. However, the drug accumulates in adipose tissues for up to 2 years after the cessation of treatment due to its lipophilic nature; therefore, it is advisable to avoid pregnancy for up to 5 years after treatment has ended \[[@B53]\]. Mitotane can be purchased through the Korea Orphan Drug Center (KODC).

Ketoconazole reduces steroid synthesis via its ability to suppress various steroid synthesizing enzymes such as 11β-hydroxylase, 17-hydroxylase, and 18-hydroxylase \[[@B22]\]. Reduced cortisol levels were found in 30 to 80% of patients after the daily administration of 400 to 1,200 mg ketoconazole, and normalization of urine cortisol levels was observed in 48% of 200 patients \[[@B22]\]. The escape phenomenon has been observed in some patients following treatment with ketoconazole, and its main side effects include hepatotoxicity, disturbances of the digestive system, and hypogonadism in men \[[@B21]\]. Currently, the production of ketoconazole is prohibited in the USA and Europe due to its hepatotoxicity. Ketoconazole is not approved for the treatment of CD in Korea but it can be purchased from the KODC.

Metyrapone inhibits the activities of 11-β hydroxylase, which is the final enzyme involved in the synthesis of cortisol and has the advantage of rapid activity onset within 2 hours of administration without tachyphylaxis \[[@B21]\]. Although it reduces cortisol levels in 75% of patients with CD, metyrapone pro duces a variety of side effects stemming from excessive levels of androgen and mineralocorticoid precursors due to an increase in ACTH levels, which arises from a loss of negative feedback \[[@B21]\]. Its use in Korea is not currently approved.

Etomidate, which is a type of anesthetic, suppresses the actions of 17-hydroxylase and 11-β hydroxylase \[[@B54]\]. Due to its rapid activity onset, etomidate can be administered by intravenous injection to patients in the very dangerous acute stages of CS. Etomidate displays its maximum effects approximately 5 hours after the initiation of continuous intravenous infusion, but it is possible that hypocortisolism could develop 24 hours later \[[@B54]\].

LCI699 is a recently developed drug with the ability to inhibit 11β-hydroxylase and 18-hydroxylase powerfully; clinical studies of this drug are being conducted currently \[[@B55]\]. When LCI699 was administered to 11 patients with CD over a 10-week period, the urine cortisol levels of 10 patients were normalized, ACTH levels increased more than 2-fold in five patients, and hypokalemia manifested in four patients \[[@B55]\].

Although cyproheptadine (a serotonin antagonist), valproic acid (a γ-aminobutyric acid uptake inhibitor), octreotide, peroxisome proliferator-activated receptor-γ (PPARγ) agonists (rosiglitazone, pioglitazone), and retinoic acid have displayed varying degrees of effectiveness in animal experiments, these drugs have had insignificant effects in humans. Although fluconazole is only 1% as effective as ketoconazole, this drug can be used for CD, because it suppresses 11β-hydroxylase and 17-hydroxylase \[[@B21]\].

### Glucocorticoid receptor antagonists

Mifepristone has previously been used as an orally administered contraceptive, but it is the only glucocorticoid receptor antagonist currently approved for reducing hyperglycemia. A previous study found that the administration of mifepristone led to clinical improvements in 87% of 43 CD patients, and that it can be administered to patients with acute severe CD or patients awaiting radiation therapy \[[@B56]\]. However, there are no biochemical parameters that can be used to monitor its effects, and an overdose of mifepristone can cause hypocortisolism, aggravated high blood pressure or hypokalemia, or endometrial hyperplasia \[[@B56]\].

### Combination therapy

Combination drug therapy may be initiated for the purpose of maximizing drug efficacies by using smaller doses of each individual drug to minimize potential side effects. Combination therapy of pasireotide, cabergoline, and ketoconazole was used to treat 17 patients with CD. In that study, pasireotide was administered for 1 month, and if urine cortisol levels did not normalize, then cabergoline was also administered. If after another month of treatment with these two drugs, urine cortisol levels were not normalized, then ketoconazole treatment was added. Remission was observed in approximately 90% of the study participants.

When pasireotide and cabergoline were co-administered in another study, the escape phenomenon typically associated with cabergoline was not observed \[[@B57]\]. Another study initially administered cabergoline to 12 patients with CD, followed by administration of low-dose ketoconazole to nine patients whose urine cortisol levels had not normalized after 6 months. Six of these nine patients experienced remission after an additional 6 months \[[@B58]\]. When the adrenal-blocking drugs mitotane, ketoconazole, and metyrapone were co-administered as the initial treatment, the urine cortisol levels of the majority of the patients normalized within the first 3 days of treatment with no serious side effects \[[@B59]\]. Thus, combination therapy can be attempted in patients with severe CD during the acute stages rather than performing a bilateral adrenalectomy.

Radiotherapy
------------

Radiation-based therapies include the use of fractionated radiotherapy and stereotactic radiotherapies, such as Gamma Knife surgery (GKS), CyberKnife, and proton-beam therapy.

### Fractionated external beam radiotherapy

Although fractionated external beam radiotherapy can be considered if CD is sustained after surgery, its effects only begin to manifest after an average of 2 years, and improvements are observed in only 50 to 70% of patients within 3 to 5 years \[[@B60]\]. Additionally, hypopituitarism is observed in approximately 40% of patients treated with this procedure, and this is accompanied by secondary brain tumors in 1 to 2% of patients \[[@B60]\].

### Gamma Knife surgery

The effects of GKS begin to emerge as early as 6 months after surgery, and remission is observed in 70 to 95% of patients with CD treated by this procedure \[[@B61]\]. Hypopituitarism manifests in approximately 30% of patients, but the data concerning its side effects on the cerebrovascular system or cognitive impairments are currently insufficient \[[@B61]\].

Remission after surgery
-----------------------

The standard assessments for remission after surgery are as follows \[[@B16]\]: (1) if the morning serum cortisol levels the 1st week after surgery are \<2 µg/dL, then CD is considered to be in remission; if the levels of serum cortisol are \>5 µg/dL for up to 6 weeks after surgery, then additional tests should be performed; and if the levels of serum cortisol are 2 to 5 µg/dL, then close monitoring is necessary due to the high probability of remission; (2) UFC levels should be measured if the results of the serum cortisol analyses are ambiguous, and if the 24-hour UFC level is \<20 µg, then CD is in a state of remission; if the 24-hour UFC level is in the range of 20 to 100 µg (normal range), the result is ambiguous; and if the 24-hour UFC level is above the normal range, CD is persistent; and (3) because serum cortisol levels sometimes decrease gradually, it is important to verify whether cortisol levels are at a minimum prior to initiation of any additional treatment.

Secondary treatments
--------------------

In the event of recurrent or residual CD after surgery, secondary treatments such as repeat TSA, medical therapy, radiotherapy, or bilateral adrenalectomy can be implemented \[[@B16]\]. Although repeat surgery is associated with a high risk of hypopituitarism, repeat TSA has success rates of 50 to 70% and these rates improve if the microadenomas are visible. It is more advantageous to implement surgery for remnant adenomas as early as possible if the patient is in an active disease stage, but the surgical procedure could be delayed by approximately 4 to 6 weeks, since some patients improve gradually after surgery. Although a bilateral adrenalectomy induces the most rapid improvements in hypercortisolism among surgical methods, it can also induce permanent hypocortisolism and necessitate steroid therapy for the rest of a patient\'s life. Additionally, serum ACTH assessments and MRI tracking must accompany the bilateral adrenalectomy due to the risk of Nelson\'s syndrome. Therefore, this may be considered for patients who have recurrent CD, for whom surgical, medical, and radiation-based therapies have failed, or for those who are intolerant of the side effects of these treatment modalities.

Progress of complications following remission
---------------------------------------------

Various complications, such as risks within the cardiovascular system, hypercoagulability, bone density decline, psychiatric problems, and cognitive impairments, are only partially ameliorated in patients following CD treatment \[[@B21]\]. The cardiovascular risks are greater in a CD patient than in a normal person even 5 years after a complete remission, and the extent of recovery from these complications is inversely proportional to the duration of exposure to hypercortisolism. Furthermore, the patient\'s quality of life continues to deteriorate even after remission, and this trend is worse for patients with hypopituitarism.

COMORBIDITY AND MORTALITY
=========================

The mortality rate of CD patients is 4-fold higher than that of the general population. Diabetes mellitus and high blood pressure are adverse prognostic factors for patients with CD \[[@B62]\], and even when CD has been treated, patients display a higher mortality rate than do those with non-functional pituitary tumors. This demonstrates that excessive exposure to cortisol is associated with an increased mortality rate \[[@B63]\]. CD may also be accompanied by metabolic diseases, cardiovascular diseases, various infections, and/or psychiatric diseases related to hypercortisolism \[[@B64]\].

CD is also characterized by high risks of osteoporosis and fractures. When a bone density test in CD patients was conducted using dual energy X-ray absorptiometry, the prevalence of osteoporosis was found to be approximately 40% \[[@B65]\]. That same study found a tendency towards reduced bone density in CD patients compared with normal persons of the same age regardless of whether CD began during childhood or adulthood. Thus, the long-term treatment of osteoporosis needs to be implemented in CD patients, because the risks of reduced bone density and damage to the spine are high, even after remission of the disease \[[@B66]\].

Hypercortisolism induces insulin resistance which, in turn, results in the manifestation of impaired glucose tolerance and diabetes mellitus in patients with CD. The prevalence rate of diabetes in patients with CD is 20 to 50% \[[@B67]\], and the neutral fat and cholesterol levels of patients with hypercortisolism are increased due to increased levels of very low density lipoprotein (VLDL) and low density lipoprotein \[[@B68],[@B69]\]. Not only does cortisol directly influence the synthesis of VLDL and the generation of free fatty acids, it also causes insulin resistance via the presence of excessive glucocorticoid levels and may influence the development of dyslipidemia. Insulin resistance and dyslipidemia are risk factors of cardiovascular diseases that remain potential health threats for a minimum of 5 years after CD has been in complete remission \[[@B70]\].

The majority of CD patients also have high blood pressure related to hypercortisolism. Cardiovascular diseases are the most prevalent causes of death in patients with CD, and it is not easy to restore cortisol to normal levels in these patients. Even when cortisol levels have been normalized, the risk of cardiovascular diseases remains very high due to sustained damage to the blood vessels and the development of atherosclerotic plaques. It has been known since the early 1970s that patients with CS have a high risk of deep venous thrombosis. Glucocorticoids increase the concentrations of factor VIII, factor IX, and the von Willebrand factor, promote the generation of thrombin, and accelerate coagulation (as do surgical procedures and obesity), which results in an increase in the likelihood of thrombosis.

Additionally, there is a high incidence of nephrolithiasis among patients with CD, which is thought to be the result of calcium metabolism disorders and hemodynamic disorders that stem from hypercortisolism.

Complications due to severe infections are seen in 42% of CD patients who have not undergone treatment. Immunodysfunction manifests itself due to hypercortisolism which, in turn, results in frequent opportunistic infections. Numerous psychiatric disturbances are also associated with CD. Depression is the most frequently encountered psychiatric disturbance and is followed by not only possible sleep, manic, and anxiety disorders but also cognitive impairments. The expression and extent of these psychiatric disturbances vary and are not related to the degree of hypercortisolism. In fact, the brain volumes of CD patients tend to be reduced, but this deficit is partially recovered when cortisol levels are normalized.

CONCLUSIONS
===========

CD is caused by the overproduction of ACTH due to pituitary adenomas that ultimately stimulate excessive cortisol production by the adrenal glands. Hypercortisolism is associated with increased risks of cardiovascular diseases, thromboembolism, musculoskeletal impairments, immunosuppression, and diabetes mellitus, which all result in long-lasting morbidity even after successful treatment. Hence, the early detection and treatment of CD are not only important but mandatory.

In the present set of guidelines, Korean experts summarized the current evidence regarding CD and provided recommendations for the screening, diagnosis, and treatment of this disorder. Furthermore, a standard proposal for these measures was prepared from the point of view of a precise diagnostic approach that entails the implementation of screening and confirmatory tests for CD as well as treatments using newly developed drugs. The screening and confirmatory test are summarized in [Table 1](#T1){ref-type="table"}.

Although TSA is the first-line treatment option for CD, secondary treatments, including repeated TSA administration, should be considered in the event of recurrent or residual CD after surgery. Radiosurgery (GKS or CyberKnife) is an example of additional second-line treatment approach for remnant or recurrent tumors. Adjuvant medical treatment aims to block ACTH release at the pituitary (pasireotide, dopamine agonists) or adrenal levels (mitotane, ketoconazole, metyrapone, LCI699) while a glucocorticoid receptor antagonist (mifepristone) is generally required to correct hyperglycemia after surgery. Recently, ketoconazole is no longer available worldwide due to concerns regarding its hepatotoxicity, but a new ACTH-blocking drug, pasireotide, will soon be available to treat patients who fail or are ineligible for surgical therapy. Bilateral adrenalectomy may be considered the final treatment modality for patients with refractory CD.

**CONFLICTS OF INTEREST:** No potential conflict of interest relevant to this article was reported.

###### Modified diagnostic criteria for the diagnosis of Cushing\'s disease according to a nationwide survey of patients with Cushing\'s syndrome in Korea (2000)
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ACTH, adrenocorticotropic hormone; DMST, dexamethasone suppression test; TSA, transsphenoidal approach; MRI, magnetic resonance imaging; IPSS, Inferior petrosal sinus sampling; CRH, corticotropin-releasing hormone.
